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Abstract— An efficient protocol for rapid in vitro clonal 
propagation has been established. Shoot proliferation was 
obtained from nodal explants in Murashige and Skoog 
medium supplemented with 1.0 mg L-1BA and 0.1 mg L-1 
IAA. The shoots were subsequently subcultured every four 
weeks. The shoots were then rooted in vitro in MS medium 
supplemented with varying concentrations of auxins. The 
most efficient rooting was observed in MS supplemented 
with 1.5 mg L-1 IAA. The effective acclimatization (91.67 
per cent) was obtained in sterilized sand. Slow growth was 
induced with varying concentration of mannitol (5 g L-1 to 
30 g L-1). Maximum slow growth induction with 100 per 
cent regeneration was recorded in mannitol (10 g L-1) 
supplemented medium. After 28 weeks in slow growth 
medium, cultures when transferred to shoot proliferation 
medium gave 100 per cent regeneration. The regenerants 
from slow growth induction were found to be genetically 
stable. 
Keywords— Axillary meristem culture, genetic stability, in 
vitro conservation, shoot proliferation, slow growth 
induction. 
Highlights 
• In vitro regeneration system via axillary shoot 
proliferation was established using nodal segments 
in Indigofera tinctoria  
• Slow growth was induced in Indigofera cultures by 
the addition of the osmoticum, mannitol to the 
medium,  
 
I. INTRODUCTION 
Indigofera tinctoria L., popularly known as True Indigo is a 
shrubby perennial legume valued for its indigo dye and 
medicinal properties. Indigo dye, is a popular entity of 
international commerce. It is distributed in India, China, 
Thailand and other countries of the east and is exploited as a 
source of natural indigo (Evans 1990; Mattapha and 
Chantaranothai 2012). The indigenous system of medicine 
in India uses I. tinctoria  in the preparations for treating 
jaundice, hydrophobia, epilepsy, nervous disorders, 
bronchitis, sores, ulcers, piles and hemorrhoids 
(Saravankumar et al. 2009; Asuntha et al. 2010; 
Madhanmohan et al. 2010; Muthulingam et al. 2010). 
Besides, the plant is antibacterial, antioxidant (Renukadevi  
and Sultana 2011), anti-cancer (Cragg and Newman 2006) 
and antidiabetic (Bangar and Saralaya 2011).  The extract of 
leaves has remarkable effect on hair growth and in 
preventing juvenile greying of hair (Joy et al. 1998; 
Motamarri et al. 2012). Cosmetic, pharmaceutical and dye 
industry largely depends on Indigofera tinctoria.  This plant 
is at the verge of being endangered due to its 
overexploitation and collection from the wild (Verma et al. 
2012).  
Conventional seed propagation of I. tinctoria  is beset with 
many problems that restrict their multiplication on a large 
scale. Propagation through seed is often unreliable due to 
poor seed viability and hard seed coat. Its inherent qualities 
and restricted distribution, provides justification for 
development of in vitro techniques for mass propagation 
and conservation of this threatened species. Moreover, 
conservation of the plants can be accomplished by 
cultivating and maintaining plants through long term 
preservation of plant propagules in plant tissue culture 
repositories. Such ex situ techniques would complement in 
situ conservation of managing the wild population in their 
natural habitat. The risk of seed-borne pests and pathogens 
makes seed a poor candidate for germplasm exchange 
programs. In vitro grown plantlets/cultures are preferred for 
germplasm exchange to overcome these problems (Rao 
2004). In vitro culture offers options for slow growth 
technique for short to medium term conservation and 
cryopreservation for long term conservation. 
Standardization of an efficient in vitro regeneration system 
is a prerequisite for germplasm conservation in vitro. Slow 
growth procedure is based on the manipulation of culture 
conditions or culture media to allow cultures to remain 
viable but with a slow growth rate. Cultures could be 
maintained for longer duration without frequent 
subculturing. This would substantially reduce the cost of 
labour and resource materials used in frequent subculturing. 
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In vitro culture offers a rapid means of producing disease 
free clonal planting material and conservation of elite and 
rare germplasm. Preservation of genetic stability in 
micropropagation of plants is of utmost importance. 
Genetically stable and true to type progenies could be 
obtained through axillary bud culture in vitro (Barik et al. 
2007). For any in vitro culture system, maintenance of 
genetic integrity of regenerated plantlets is of prime 
concern. To this date, an efficient in vitro regeneration 
system has not been developed in I. tinctoria.  
 
The objective of our study was to develop an efficient 
regeneration system by optimizing the culture media for the 
initiation, proliferation and elongation of shoots from nodal 
explants of I. tinctoria through enhanced release of axillary 
buds and adventitious bud regeneration and shoot 
proliferation from leaf segments, inducing rooting of 
microshoots and establishing the plants ex vitro. Short term 
conservation by slow growth induction by addition of 
mannitol as osmoticum was also analysed in this paper. As 
any in vitro conservation system is expected to maintain the 
genetic stability, the in vitro regenerated plantlets were 
checked for any fidelity using random amplified 
polymorphic DNA (RAPD) analysis. This protocol would 
serve for mass multiplication, germplasm conservation and 
in vitro crop improvement programmes.   
 
II. MATERIALS AND METHODS 
Preparation of explants 
The seeds for the study were extracted from mature ripe 
pods harvested from I. tinctoria  plants maintained at the 
Instructional Farm, College of Agriculture, Vellayani, India. 
They were disinfected with 0.08% (v/v) mercuric chloride 
for 15 min. Seedlings were raised in vitro in MS medium 
(Murashige and Skoog 1962) devoid of any growth 
regulator but supplemented with 30 g L-1 Sucrose. Nodal 
explants, 0.5–0.8 cm in length, with single axillary bud and 
leaf bits of size c.a.1.0 cm2 excised from 14 day old in vitro 
raised seedlings were tried for adventitious bud formation 
and further shoot proliferation. The explants were cultured 
on MS medium supplemented with different combinations 
of cytokinins, N6-benzyl adenine (BA) and 6- 
furfurylaminopurine (Kn) at concentrations of 0.1 to 1.0 mg 
L−1, the auxin indole-3-acetic acid (IAA) at 0.05 to 0.1 mg 
L−1, and sucrose at 30 g L-1. The number of days for bud 
initiation, number of shoots produced, and numbers of 
nodes per shoot were recorded and the mean value 
calculated. Each treatment was replicated six times and 
experiment repeated thrice. 
The regenerated shoots were excised from primary cultures after 
four weeks of culture and further subcultured on to shoot 
proliferation  medium  upto five subcultures.  The microshoots 
of about 1-2 cm long were then excised and transferred one 
shoot per test tube, on to the same medium  supplemented with 
varying levels of GA3 (1, 2, 3 mg L-1)  for shoot elongation. The 
GA  level  that gave maximum elongation was to be selected as  
the shoot elongation medium. The treatments were replicated six 
times.   
After another four weeks of culture in the elongation medium, 
the shoots measuring c.a. 5.0 cm in length were transferred to 
half strength MS liquid medium supplemented with varying 
levels of auxins, indole butric acid (IBA) (0.5 to 2.5 mg L-1),  
IAA (1 to 2.5 mg L-1) and naphthalene acetic acid (NAA) (0.5 to 
2 mg L-1) for the induction of rooting.  After four weeks, the 
percentage of shoots forming roots, number of days for root 
initiation, number of roots per shoot and length of roots 
were assessed.  
The pH of culture medium at all the stages was adjusted to 
5.7 with 0.1 N NaOH or 0.1 N HCl prior to adding agar 
0.8% (w/v) (Merck). Culture tubes (25 × 150 mm) 
dispensed with 15 ml of medium were steam sterilized at 
121ºC and 1.05 kg cm-2 for 20 min. The cultures were 
incubated in a culture room maintained at light intensity of 
40μE m−2s−1 using white fluorescent tube lights for a period 
of 16 h light and 8 h darkness. The temperature of 20±2°C 
and relative humidity 60 per cent were maintained in the 
incubation room. 
Healthy plantlets with well developed roots were then 
removed from culture, washed thoroughly with running tap 
water to remove the adhering gel. The rooted shoots were 
planted in 10 cm diameter plastic cups containing different 
autoclaved potting media (sand, soilrite, soilrite : sand (2:1). The 
cups were provided with 4-6 drainage holes.  The plantlets 
were then transferred to mist chamber for acclimatization 
for four weeks.  Intermittent misting was given at the rate of 
two min at 30 min interval.  Liquid MS medium at 10 per 
cent concentration was sprayed on the plants twice a week. 
After three weeks, polythene bags were removed and pots 
were transferred to the field, placed under shade and 
observations on survival were recorded.  
Alternately, ex vitro rooting was also tried with microshoots. 
Well developed shoots having 3-8 cm length from the elongation  
medium were separated and were given quick dip (pulsing) and 
slow dip methods of hormone treatment with IBA. The 
microshoots were dipped for 20 s in two concentration levels 
(1000 mg L-1 and  500 mg L-1 ) of IBA for pulsing.  In slow dip 
method, the plantlets were kept in IBA 100 mg L-1 solution for 
20 h. The treated plantlets were planted out in autoclaved sand as 
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potting media. After four weeks of planting out, percentage 
survival of plantlets were assessed. 
Short term conservation by slow growth induction using 
mannitol 
Nodal cuttings with single axillary bud from in vitro raised 
cultures were used as the explants for slow growth 
induction. 
Basal slow growth medium 
 Full strength and half strength (macro & micro nutrients) 
MS medium with and without IBA 0.5 mg L-1 
supplemented with 30 g L-1 of sucrose and gelled with 0.8% 
v/v agar were tried for establishing the basal culture media 
for slow growth. The treatments were replicated six times. 
The observations were recorded after 16 weeks of 
incubation.  Culture medium which recorded the lowest 
plant height and late/ no senescence was selected as the 
basal slow growth medium. Rooting percentage was also 
recorded in each treatment. 
Slow growth induction  
The 5 mm long nodal segments with one axillary bud 
dissected from one month old stock cultures (fourth 
subculture), were used as the starter plant material for slow 
growth storage.  The nodal segments were stored on 
selected basal slow growth culture medium supplemented 
with different levels of mannitol ranging from 5 g L-1 to 30 
g L-1. The growth and survival of storage plantlets were 
observed comparing among the different treatments. The 
cultures were maintained under 40 μE m−2s− 1 light intensity, 
16 h light/ 8 h dark photoperiod at 25oC without subculture. 
 Height of plantlets, rate of growth and survival percentage 
were recorded every four weeks. Observations were made 
on plant height, number of shoots and number of nodes at 
the end of 28 weeks in culture.  Presence of callus and roots 
was also recorded at this stage. After 28 weeks, plants under 
slow growth cultures were transferred to shoot proliferation 
medium. Regeneration percent was observed. The 
experiment was repeated thrice. 
Statistical analysis 
All the experiments were laid out in a completely 
randomized design (CRD) (Panse and Sukhatme 1985) with 
six replications and repeated.  All data were subjected to 
analysis of variance (ANOVA) to detect significant 
difference between the means and expressed as + SE.  
Assessment of genetic fidelity of regenerants using 
RAPD technique 
Genetic fidelity between the mother plants and randomly 
selected two months old, in vitro regenerated plants from 
slow growth studies  established ex vitro was assessed by 
PCR based RAPD technique. Genomic DNA was extracted 
from young leaves (0.5 g) of the mother plants and 
regenerated plants. A cetyltrimethylammoniumbromide 
(CTAB) protocol (Murray and Thompson 1980) was 
adopted with slight modification for DNA extraction (Nair 
and Reghunath, 2009). DNA amplification was done using 
arbitrarily designed RAPD primers (Operon Inc., California, 
USA) adopting the procedure of William et al. (1990) with 
required modifications (Nair and Reghunath, 2009). The 
genetic fidelity was verified by comparing the RAPD 
banding pattern of regenerants with that of the mother 
plants.   
 
III. RESULT AND DISCUSSION 
Legumes, in general, are considered to be recalcitrant to in 
vitro culture (Tejavathi et al. 2010). Development of 
effective protocol for in vitro culture is a pre requisite for 
conservation and multiplication of germplasm of this 
threatened medicinal plant. In the study, the cultures were 
initiated from in vitro raised seedling explants. Seeds when 
inoculated directly into the hormone free MS medium, 
germination percentage was less than 20 even after two 
months in culture. Hence seeds were scarified by rubbing 
on a sand paper before inoculation, where by germination 
increased by 90 per cent within a month in culture. 
Adventitious bud regeneration and proliferation were 
attempted using single nodal segments and leaf bits. Only 
the nodal explants exhibited direct organogenesis. Explant 
source is one of the critical parameters for successful 
regeneration of legume species (Parrott et al. 1992). Nodal 
explants cultured on MS medium containing growth 
regulators (BA, Kn, IAA) singly as well as in combination 
showed various type of responses with respect to number of 
days for bud initiation, number of shoots regenerated per 
culture and number of nodes per shoot. Leaf bits did not 
give any morphogenetic response except for slight callusing 
at higher concentration of BA and Kn. Since callus 
mediated organogenesis may result in variation and cannot 
be considered for conservation studies, regeneration trials 
with leaf bits were excluded. The establishment of in vitro 
regeneration system from nodal explants produces true to 
type, genetically stable plants (Jain and Bashir 2010). 
Nodal explants recorded 100 per cent survival irrespective 
of the presence or absence of growth regulators in the 
culture medium. The earliest bud initiation took place at an 
average of 5 days when cultured on MS medium 
supplemented with 1.0 mg L−1 BA and 1.0 mg L−1 Kn. 
Treatments supplemented with either BA, Kn, or BA in 
combination with IAA gave the earliest bud initiation. 
Medium devoid of growth regulators as well as in 
treatments with Kn–IAA combinations took a week or more 
to initiate buds. Nodal segments gave maximum 
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proliferation on media supplemented with BA and IAA. BA 
in combination with a lower concentration of auxin,1.0 mg 
L−1 BA and 0.1 mg L−1 IAA gave maximum shoot 
proliferation of 4.67 shoots per culture and maximum 
number of nodes per shoot being 4.03 (Plate 1A). BA when 
used alone induced multiple shoots that were weak, fragile 
and vitrified. The synergistic effect of BA and IAA in 
multiplication and growth of shoots has been established in 
this study. A similar trend of cytokinin–auxin synergism 
was noticed for in vitro cultures of the legumes Clitoria 
ternatea (Rout 2005) and Macrotyloma uniflorum 
(Tejavathi et al. 2010). However, a lower ratio of BA to 
IAA resulted in a decline in the number of shoots per 
culture, due to basal callusing. Though synergistic effects of 
BA in combination with Kn has been reported in many 
plant species (Ashraf et al. 2014), in this context BA–Kn 
combinations did not bring about any significant 
enhancement in the number of shoots produced per culture. 
However, the combination produced longer shoots 
compared to those with Kn alone. Shoot proliferation was 
very low in Kn supplemented medium compared to that 
supplemented with BA. Similar findings were reported in 
Sida cordifolia (Sivanesan and Jeong, 2009) and Azadirchta 
indica (Arora et al. 2010).  The media with low BA: Kn 
ratio also exhibited low shoot proliferation, which is in 
agreement with earlier report on  Adhatoda vasica 
(Abhyankar and Reddy, 2007).   
Shoot proliferation was very low (1.17 to 1.67 shoots per 
culture), in the treatments involving Kn alone or Kn in 
combination with IAA. The control treatment, MS medium 
devoid of plant growth hormones, did not support the 
induction of multiple shoots and invariably produced only 
one shoot per culture (Fig.1, 2 & 3).  
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In the medium supplemented with 1.0 mg L
subculture at four weeks interval. The shoots
with different levels of GA3 for shoot elongation. 
not significant  (Table 1). The number of shoo
intermediary short elongation stage was excluded. 
 
Table.1: Effect of gibberellic acid on enhanced release of axillary buds from nodal explants
Treatment 
No. 
GA 
(mg L-1) 
G1 1 
G2 2 
G3 3 
Control - 
CD (5%) - 
The data represent mean of six replications Basal culture 
medium: MS + BA 1.0 mg L-1 + IAA 0.1 mg L
Efficient rooting of in vitro regenerated shoots
subsequent field establishment is the final 
clonal propagation. Shoots measuring 
transferred to the rooting medium. The root initiated 
media within 12-17days of  inoculation. The 
roots (12.75 days) was obtained in the basal medium devoid of 
growth regulator and in the same medium supplemented with 
IAA 1.5 mg L-1. Media supplemented with IBA and 
an average of 15 days, for root initiation. Among the different 
auxins, tried IAA gave a higher rooting efficiency 
compared to IBA and NAA. Maximum root initiation (66.67 per 
 
                      
                                                                               
                                                                                
−1
 BA and 0.1 mg L−1 IAA, the shoots proliferated at the rate of 1.5 times per 
, after five subculture cycles were transferred to the 
 A slight increase in shoot length was observed with increasing levels of 
ts per culture as well as nodes per shoot also did not show any significant variation. Hence an 
 
Shoots per culture Shoot length 
4.50+1.90 5.20+0.64 
4.67+0.67 5.22+2.05  
4.50+1.90 5.43+0.69 
4.67+0.67 5.18+0.75 
NS NS 
-1 
 and 
stage of rapid 
c.a. 5 cm were 
in different 
earliest initiation of 
NAA took 
 (Plate 1B) 
cent) among the treatments, was obtained in the MS medium
(with half strength macronutrients) 
mg L-1 after four weeks of  incubation
same treatment gave maximum number of roots of 4.25
as longer roots of 2.85 cm
compared to all other treatments 
by IAA were reported in Spilanthes mauritiana 
2002) and Piper methysticum (
grown in vitro rooted plantlets when transferred to different 
potting media, recorded 91.67 per cent  survival on sterilized 
sand, while soilrite alone and soilrite:sand  in combination  
recorded low survival rate of 50 and 66.67 per cent respectively, 
under field condition (Plate 1C).
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same medium supplemented 
GA3, though 
 
Nodes per shoot 
3.61+0.52 
3.71+0.49 
4.00+0.84 
4.03+0.26 
NS 
 
supplemented with IAA 1.5 
  in rooting medium. The 
 as well 
, which is significantly higher 
(Table 2). Induction of rooting 
(Bais et al. 
Zhang et al. 2008). Well 
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Table.2.: Effect of auxins on in vitro rooting of microshoots of I. tinctoria 
 Treatment 
No. 
Auxins 
(mg L-1) 
Root 
Initiation 
(%) 
Days to Root 
Initiation 
No.of   
Roots 
Mean root 
length 
(cm) 
  R1 IBA 0.50 16.67 15.00 +0.50 1.00+0.02 1.50+0.18 
  R2 IBA 1.00 16.67 17.00 +0.20 1.00+0.03 1.90+0.09 
  R3 IBA 1.50 50.00 16.00 +1.40 2.00+0.10 1.76+0.01 
  R4 IBA 2.00 50.00 15.67 +0.25 2.33+0.04 2.21+0.04 
  R5 IBA 2.50 50.00 15.00 +0.40 3.33+0.04 2.14+0.03 
  R6 IAA 1.00 33.33 15.00 +0.50 2.00+0.03 0.92+0.01 
  R7 IAA 1.50 66.67 12.75 +0.18 4.25+0.05 2.85+0.08 
  R8 IAA 2.50 50.00 13.33 +0.57 2.00+0.01 1.61+0.02 
  R9 NAA 0.50 33.33 15.50 +0.09 2.50+0.11 1.18+0.04 
R10 NAA 1.00 50.00 15.67 +0.10 1.67+0.03 1.23+0.02 
R11 NAA 1.50 16.66 15.00 +0.20 2.00+0.12 1.15+0.01 
R12 NAA 2.00 33.33 15.00 +0.70 2.00+0.08 1.35+0.01 
Control - 33.33 12.75 +0.28 2.00+0.03 0.90+0.01 
CD (5%)          0.77       0.27      0.21 
The data represent mean of six replications Basal culture medium:1/2MS 
  
 
 
Ex vitro rooting facilitates cost reduction by avoiding in vitro rooting, reducing labour and time of establishment from laboratory 
to field (Shekhawat et al. 2015). In the study, pre treatment with IBA 1000 mg L-1 for 20s recorded 75 per cent survival after four 
weeks of planting in sterilised sand in plastic cups compared to slow dip methods (Fig.4).  Pandeya et al. (2010) reported ex vitro 
rooting using IBA quick dip method in Clitoria ternatea. 
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In vitro conservation by inducing slow growth   
Among the treatments tried to select the basal medium for slow 
growth experiments, ½ MS with IBA 0.5 mg L-1 gave the least 
plant height  (3.33 cm), which was on par with ½  MS without 
IBA. But senescence (indicated by wilting of leaves) initiated 
comparatively late in ½ MS medium supplemented with IBA 
0.5 mg L-1. The senescence did not occur up to 16 weeks in the 
cultures maintained in this medium, while in ½ MS without IBA 
senescence initiated in 13 weeks. The treatments supplemented 
with IBA also initiated roots in culture (Table 3). In the study, 
the senescence indicated by wilting of leaves appeared late in 
auxin supplemented medium. The shoot development in terms 
of plant height was low in those treatments supplemented with 
IBA. Late senescence and low rate of growth were the candidate 
properties for the selection of the basal slow growth medium. 
Hence, ½ MS with IBA 0.5 mg L-1 was selected as the best basal 
medium for inducing slow growth. Scocchi and Mroginski 
(2004) also confirmed that reducing concentration of mineral salt 
mixture in the medium retarded the growth of cultures and gave 
high survival rates. 
Table.3: Effect of MS medium and IBA in inducing slow growth in Indigofera tinctoria 
T.No. Media  
Plant 
Height 
(cm) 
Plant Height 
  (cm) 
**Senescence 
(weeks) Remarks 
MS1 ½ MS 5.08 5.77 12 Rooting in 33.33 % cultures 
MS2 ½ MS + IBA (0.5mgl-1) 4.48 5.50 No senecence Rooting in all cultures 
MS3 MS 5.35 6.13 9 Rooting in 16.67 % cultures  
MS4 MS + IBA (0.5mgl-1) 5.23 6.00 11 Rooting in all cultures 
CD Value (5 %) 0.61 0.44 - - 
F Value 3.46 3.43 - - 
 
*Observations were recorded after 16 weeks of incubation;** Senescence indicated by wilting of leaves  
 
Addition of mannitol to the standardized slow growth 
medium could reduce the growth of I. tinctoria plantlets in 
terms of plant length.  All treatments recorded lower plant 
height, shoot number and node number compared to 
control. The higher the concentration of mannitol added to 
the medium, the higher the reduction in plant length was 
observed. Presence of high concentration of mannitol in the 
culture medium produced osmotic effect that prevented normal  
uptake of the nutrients by the explants resulting in slow growth.  
The use of mannitol in reducing growth was reported in the 
cultures on Ipomoea batatas (Uyoh et al. 2003) and  Plumbago 
indica ( Charoensub and  Pansiri  2004) , Coleus forskohlli 
(Dube et al. 2011). Mannitol 5 g L-1 recorded the highest 
plant length and mannitol 30 g L-1 , the least in all stages of 
incubation. With regard to rate of growth, decreasing trend 
was noticed from eighth week onwards. The effect of 
different concentration of mannitol on rate of plant growth 
of I. tinctoria cultures at different lengths of incubation in 
vitro is illustrated in Fig.5.  
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There was significant variation with regard to plant height, 
shoot number and number of nodes among different levels 
of mannitol after 28 weeks of incubation (Tables 4&
effect of different levels of mannitol on plant growth after 
28 weeks of incubation in vitro is illustrated in Plate 2A.
Cent per cent survival was obtained with all levels of 
mannitol, 28 weeks after inoculation. At this stage, none of 
the cultures showed callusing but rooting. 
to regeneration medium, cent per cent regeneration was 
obtained in cultures with mannitol 5 g L-1 
L-1. The control plants recorded a low regeneration of 33.33 
per cent on transfer to regeneration medium (Table 
growth basal medium with mannitol 30 g L
 
 
In the study, mannitol 10 g L-1 could induce 
growth such that the Indigofera cultures could be 
maintained  in vitro up to 28 weeks without subculture and 
on transfer to the proliferation medium after 28 weeks,  100 
per cent  regeneration  could be obtained.  
concentration of mannitol gave lower regeneration when 
survived cultures were inoculated on to regeneration 
 
 
 
                      
                                                                               
                                                                                
5). The 
  
When transferred 
and mannitol 10 g 
6). Slow 
-1
 recorded 
maximum growth inhibition and cent per cent survival but 
recorded only 83.33 per cent regeneration when transferred 
to regeneration media after 28 weeks of incubation.
those cultures which gave cent per cent regeneration 28 
weeks after incubation, maximum p
was recorded in the medium supplemented with mannitol 
10 g L-1.  Cultures of I. tinctoria
weeks without any subcul
slow growth incubation in
cuttings from slow growth cultures when subcultured onto 
proliferation medium, attained same efficiency as in normal 
cultures with second subculture cycle. 
maximum slow 
Higher 
medium. Too high a concentration of mannitol added to the 
media might be harmful and caused the death of plants in 
culture.  Under usual laboratory conditions
addition of mannitol to the medium (control), subculture has 
to be done every four weeks. 
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 Among 
lant growth inhibition 
 were maintained for 28 
ture. Shoot regeneration after 
 depicted in Plate 2B. The nodal 
 
 
, with no 
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Table. 4: Effect of slow growth treatments on mean plant height and rate of growth of I. tinctoria cultures at different lengths of incubation in vitro 
Tr. 
No. 
Mannitol 
(g L-1) 
Mean plant height (cm) Rate of growth (cm/4 weeks) 
4 
wk
s 
8 
wk
s 
12 
wks 
16 
wks 
20 
wks 
24 
wk
s 
28 
wk
s 
4 
wk
s 
8 
wk
s 
12 
wks 
16 
wks 
20 
wk
s 
24 
wks 
28 
wks 
MnT1 
  5 1.6
7 
2.2
5 
2.57 2.80 2.90 2.9
9 
3.0
7 
1.6
7 
0.5
8 
0.32 0.23 0.1
0 
0.09 0.08 
MnT2 
  10 1.2
8 
1.6
0 
1.72 1.82 1.85 1.8
7 
1.8
8 
1.2
8 
0.3
2 
0.12 0.10 0.0
3 
0.02 0.01 
MnT3 
  15 0.7
7 
1.3
0 
1.47 1.63 1.70 1.7
7 
1.8
2 
0.7
7 
0.5
3 
0.17 0.16 0.0
7 
0.07 0.05 
MnT4 
  20 0.5
0 
0.7
5 
0.87 0.90 0.93 0.9
5 
0.9
7 
0.5
0 
0.2
5 
0.12 0.03 0.0
3 
0.02 0.02 
MnT5 
  30 0.3
0 
0.4
8 
0.53 0.58 0.62 0.6
4 
0.6
4 
0.3
0 
0.1
8 
0.05 0.05 0.0
4 
0.02 0.00 
Contr
ol  
Sucrose 
(g L-1) 
30 
3.0
8 
4.2
5 
4.98 5.51 5.78 5.9
7 
6.1
0 
3.0
8 
1.1
7 
0.73 0.53 0.2
7 
0.19 0.13 
  The data represent mean of only live plants; Basal culture medium: ½ MS + IBA 0.5 mg L-1; wks – weeks 
 
Table.5: Effect of effective slow growth treatments on morphological parameters after 28 weeks of incubation of I. tinctoria cultures 
in vitro 
Tr. 
No. 
Mannitol 
(g L-1) 
28 weeks after incubation 
Plant 
height (cm) 
No.of shoots No of nodes Remarks  
MnT1 
  5 
  3.07 1.33   3.17 
Callus absent, Root 
present 
MnT2 
  10 
  1.88 1.17   2.17 
Callus absent, Root 
present 
MnT3 
  15 
  1.82 1.17   2.00 
Callus absent, Root 
present 
MnT4 
  20 
  0.97 1.00   1.00 
Callus absent, Root 
present 
MnT5 
  30 
  0.63 1.00   1.00 
Callus absent, Root 
present 
Control 
Sucrose (g 
L-1) 
 30   6.10 1.50   6.50 
Callus absent, Root 
present 
CD (5%)  -  0.88 0.32   0.86 - 
F value  - 27.27 2.01 26.24 - 
The data represent mean of six replications; Basal culture medium: ½ MS + IBA 0.5 mg L-1 
 
Table. 6: Effect of slow growth treatments on survival (Sl) and regeneration (R) of Indigofera tinctoria cultures at different lengths of incubation in 
vitro 
 
Tr. 
No. 
Mannitol 
(g L-1) 
4 wks 8 wks 12 wks 16 wks 20 wks 24 wks 28 wks  
Sl (%) Sl (%) Sl (%) Sl (%) Sl(%) Sl(%) Sl (%) R% 
MnT1   5 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00S 
MnT2   10 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 S 
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MnT3   15 100.00 100.00 100.00 100.00 100.00 100.00 100.00 83.33 S 
MnT4   20 100.00 100.00 100.00 100.00 100.00 100.00 100.00 83.33 S 
MnT5   30 100.00 100.00 100.00 100.00 100.00 100.00 100.00 83.33 S 
Control Sucrose (g 
L-1)              
30 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 33.33 D 
S: subcultured; D: discarded; Regeneration medium: MS + BA 1.0 mg L-1 + IAA 0.1 mg L-1 
 
Genetic fidelity assessment of regenerants using random 
amplification of polymorphic DNA 
Genetic uniformity is one of the most important pre-
requisites in the micropropagation as well as conservation 
of crop species. It is, therefore, essential to establish genetic 
uniformity of regenerates from the tissue culture system. 
The DNA of regenerated plants from slow growth treatment 
and that of control were extracted and amplified using six 
primers. Six decamer primers selected for the study with 
their nucleotide sequences in 5’-3’ direction are Operon A4 
(AATCGGGCTG), A10 (GTGATCGCAG), B1 
(GTTTCGCTCC), B4 (GGACTGGAGT), B5 
(TGCGCCCTTC) and B18 (CCACAGCAGT). All the six 
primers produced clear and reproducible bands. The number 
of bands of each primer varied from three to six.  RAPD 
fragment pattern for plantlets recovered from slow growth 
induction were identical to those of control plants for all the 
six primers tested. Polymerase chain reaction (PCR) based 
technique, random amplified polymorphic DNA (RAPD) is 
immensely useful in establishing the genetic stability of in 
vitro regenerated plantlets in many crop species 
(Lakshmanan et al. 2007; Joshi and Dhawan 2007). 
 
IV. CONCLUSION 
The present study provides an efficient protocol for rapid 
clonal propagation of I. tinctoria in vitro.  This method 
vividly illustrates the association of BA with IAA in shoot 
proliferation. Short term in vitro conservation by inducing 
slow growth using the osmoticum,  10 g L-1  mannitol, 
would maintain the culture without subculturing upto 28 
weeks, which results in a substantial reduction in labour and 
resources for maintaining the culture. Also, the genetic 
integrity of in vitro regenerated plants from slow growth 
medium were confirmed by RAPD analysis. Hence, the 
protocol can be effectively utilized for the in vitro 
conservation of its germplasm. 
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